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THE STUDY
Rickettsia felis-like bacteria were previously iden-
tiﬁed in Haemaphysalis sulcata ticks from Croatia
based on the molecular analysis of the complete
gltA and partial ompB and 17 kDa genes. The ompA
gene could not be ampliﬁed at the time [1]. A
rickettsial endosymbiont was recently co-isolated
with the embryotic cell line CCE3 obtained from a
soft tick Carios capensis from Georgia, USA [2].
Interestingly, the gltA and 17 kDa sequences of the
endosymbiont were 100% identical to the gene
sequences of the above-mentioned Rickettsia de-
tected in H. sulcata ticks. In order to conﬁrm the
identity of the two rickettsiae on a molecular level,
we ampliﬁed the rickettsial ompA gene directly
from H. sulcata ticks and from the same bacteria
grown in the mosquito C6 ⁄ 36 cells. The obtained
gene sequences were compared with each other
and with the ompA gene of the C. capensis endo-
symbiont named Candidatus R. hoogstraalii.
The DNA was extracted from three H. sulcata
ticks and from the third passage of the isolate
(Duh Darja, unpublished data) (Table 1). The
complete ompA amplicons were obtained with
two PCRs producing overlapping fragments A
and B. The Platinum High Fidelity polymerase
was used for the PCRs according to the manufac-
turer’s instructions (Invitrogen Life Technolo-
giesTM; Carlsbad, CA, USA). The fragment A
(FGW10 ⁄FGW7) and B (Rf190-1F ⁄RGW5) primers
were designed based on the alignment of known
rickettsial ompA gene sequences and by using the
genome walking technique. Fragments A and B
were approximately 3000 and 4000 bp long,
respectively, and they were successfully ampliﬁed
from all DNA samples. One of the ompA ampli-
cons was cloned with the TOPO XL PCR Cloning
Kit (Invitrogen Life TechnologiesTM) and the
extracted plasmid DNAwas used for the sequenc-
ing. In addition, the RNA was extracted with the
Trizol reagent (Invitrogen Life TechnologiesTM)
from a stored half of a H. sulcata tick and from the
third passage of the isolate. The RNA was tran-
scribed and ampliﬁed with the SuperScript III
One-Step RT-PCR with Platinum Taq High Fidel-
ity (Invitrogen Life TechnologiesTM). Five A and B
amplicons of rickettsial and plasmid DNA were
sequenced with the BigDye technology. Eighteen
primers were needed to sequence the A fragment.
Only part of the B fragment was sequenced using
the other eight primers. Fragment B contains a
tandem repeat region and completion of this
region is in progress. The obtained sequences
were assembled, aligned and examined for the
sequence similarity. The phylogenetic tree was
inferred with the Treecon software by the Kimura
80 model and neighbour-joining tree evaluation.
Support for the tree nodes was calculated with
1000 bootstrap replicates. All primer sequences
used in this study are available upon request. The
unique ompA gene sequences were submitted to
the GenBank and can be assessed under the
Accession Numbers: 1A – EU816562, 2A –
EU816563, 3A – EU816564, p1A – EU816566 and
ISOA – EU816565 (Table 1). The ompA gene
sequences (3317 and 3329 bp long) were com-
pared between those obtained (i) directly from the
tick’s DNA and from the plasmid’s DNA of the
respective clone; (ii) directly from the tick’s
DNA and from the third passage of the isolate;
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(iii) directly from two ticks’ DNA, considering that
the ticks were collected from different sheep in the
same location and (iv) directly from two ticks’
DNA, considering that the ticks were collected in
different locations. The results of the comparison
are presented in Table 1. One, 14, 0 and 40
nucleotide changes were observed in option (i),
(ii), (iii) and (iv), respectively. The nucleotide
changes in all the options were point mutations
with the exception of the insertions seen only in
the second option. The RT-PCR of the complete
ompA resulted in approximately 6500 bp long
product for both tested RNAs. The phylogenetic
analysis of theRickettsia species fromH. sulcata and
C. capensis ticks and of other SFG rickettsiae was
based on 1333 bp of the ompA because this is the
maximum length of the Candidatus R. hoogstraalii
gene sequence deposited in the GenBank. The
Rickettsia species from the H. sulcata ticks showed
99.3% similarity to the Candidatus R. hoogstraalii,
whereas up to 94.3% similarity was noted when
this part of the ompA gene was compared with the
other SFG rickettsiae. In particular, we determined
that the novel Rickettsia species from H. sulcata
were 94.3% similiar to R. monacensis, 94.0% to
R. australis, 93.9% to R. felis and 88.8% to R. conorii.
DISCUSSION
The immunodominant OmpA protein of SFG
rickettsiae plays an important role in cell invasion
and contains a domain of different numbers of
tandem repeats, which dictates a genetic diversity
of SFG rickettsiae [3]. The protein is therefore used
for themolecular diagnosis of rickettsioses, species
characterisation and it is considered as a potential
vaccine candidate [4]. The successful ampliﬁcation
of the ompA gene sequence described in this study
conﬁrmed the presence of rickettsiae in H. sulcata
ticks collected from sheep in southern Croatia. In
addition, the comparison of ompA sequences
obtained directly from ticks and of those obtained
from cloned amplicon and from bacteria isolated
in a mosquito cell line indicates the existence of
one particular species of Rickettsia in H. sulcata
ticks. The Candidatus R. hoogstraalii was desribed
recently in a soft bodied C. capensis tick collected
from the nest of a brown pelican in coastal
Georgia, USA [2]. The phylogenetic analysis of
published and newly acquired gene sequences
demonstrated that both rickettsiae are most
likely to be the same species given the gene
sequence-based criteria for the identiﬁcation of
new Rickettsia species [5]. Due to the wide
geographic distribution of novel rickettsiae, their
presence in different species of ticks collected
from different hosts, and molecular similarity to
human pathogens such as R. felis and R. australis,
it is important to ascertain the pathogenetic
potential of the Candidatus R. hoogstraalii.
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Table 1. Comparative ompA gene sequence analysis of Rickettsia felis-like bacteria detected in Haemaphysalis sulcata ticks
and isolated in the mosquito C6 ⁄ 36 cell line
Host ID ⁄
location Tick ID
Tick DNA
(direct ompA PCR)
Plasmid DNA
(cloned ompA PCR)
RNA,
RT-PCR
(Option) sequence
comparison ⁄ similarity
Sheep #57
Pribude-Muc
#595 1A, 1B – pos p1A, p1B – pos ND (i) 1A and p1A: 99.9%
Sheep #244 ⁄
Lecevica-Dugobabe
#136 2A, 2B – pos ND pos (ii) 3A and ISOA: 99.8%
Sheep #238 ⁄
Lecevica-Dugobabe
#89 3A, 3B – pos ND ND (iii) 2A and 3A: 100%
Third passage
Rickettsia isolate
ISO ISOA, ISOB – pos ND pos (iv) 1A and 2A: 98.7%
pos, positive; ND, not done; p, plasmid.
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